S p e c i a l i S S u e o N t h e o c e a N o g r a p h y o f ta i wa N
The diatom Chaetoceros sp. is one of the dominant phytoplankton in the southern east china Sea in april and June. to early winter (Sassa et al., 2008; Wang et al., 2008) . Elevated phytoplankton biomass on the SECS shelf break has been documented (Gong et al., 1995 Chen, et al., 2001 ) and likely provides a good source of food for both adult and larval mackerels (Sassa et al., 2008) . Researchers have found recurring upwelling off northeast Taiwan in the SECS (Chern et al., 1990; Liu et al., 1992; Jan et al., 2011, in this issue) , and with it, transport of nutrients, mainly from subsurface Kuroshio waters, onto the shelf. However, some reports suggest that phytoplankton production in the ECS is limited in summer due to nitrogen deficiency (Chen et al., 2001; Liu et al., 2010) . Satellite-derived average sea surface temperature (SST) in the SECS is about 28°C from July to September , suggesting that SECS surface water is likely nitrate-limited, based on the relationship between nitrate and temperature (Gong et al., 1995 (Chen et al., 2001; Gong et al., 2003) .
Although POC flux out of the euphotic zone is also an important parameter to measure, it has seldom been investigated directly in the SECS. Floating sediment traps, with some possible biases caused by hydrodynamic, particle-solubility, and zooplankton effects (Gardner, 1980; Buesseler et al., 2007) Chen, 2000; Chen et al., 2001; Gong et al., 1995 Gong et al., , 2000 Gong et al., , 2003 and seldom after extreme atmospheric events (such as dust storms and typhoons). Episodic atmospheric events can enhance ocean nutrient supplies, significantly affecting marine biological activity and geochemical cycling (Chang et al., 1996; Shiah et al., 2000; Chen et al., 2003 Chen et al., , 2009 Walker et al., 2005 Walker et al., , 2006 Zhao et al., 2008; Siswanto et al., 2007 Siswanto et al., , 2008 Siswanto et al., , 2009 Goni et al., 2009; Hung et al., 2009 Hung et al., , 2010a Ren et al., 2011 (Gong et al., 1995 (Gong et al., , 2003 Liu et al., 1992; Chen et al., 2001) . Liu et al. (1992) and Gong et al. (1995) reported that the cold, nitrate-rich water brought to the SECS shelf area is mainly from bottom intrusion of Kuroshio water during autumn, winter, and spring. Despite the persistent southwest monsoon during summer over Taiwan Strait (June to September), nitrate-rich upwelled water at the surface has seldom been observed in the SECS (Liu et al., 1992; Gong et al., 1995) . that in other seasons.
According to Gong et al. (1995) , to phytoplankton growth ( Figure 3c ).
As mentioned earlier, Kuroshio water intrusion is the major nutrient source for phytoplankton growth in the SECS (Liu et al., 1992; Chen et al., 2001; Jan et al., 2011, in this issue) . In summer, the warm, nitrate-depleted Taiwan Strait Water often suppresses upwelling events off northeastern Taiwan, and therefore the nutrient-rich cold dome water is hardly observed in the upper layer (Gong et al., 1995; Wu et al., 2008; Jan et al., 2011, in the POC flux with increasing depth. However, the increase in POC flux with increasing depth suggests that lateral transport of resus- Because the study area is approximately 70 km from Taiwan, it could be argued that particle composition has been influenced by bottom resuspension or lateral advection from terrestrial inputs. As mentioned earlier, the bottom sediments in the study area are relic sand with low organic carbon content (< 0.3%; Liu et al., 1992) . No large river is located near the study area, so the recent satellite ocean color data likely represent sea surface conditions that are unaffected by the influx of terrestrial materials (Hung et al., 2010a) . Consequently, sediment resuspension and lateral particle transport are unlikely to have occurred in the study area (as suggested by Hung et al.
[2003], the lateral transport occurred in deep depths).
chaNge S iN water-columN propertieS after t yphooNS
Satellite-derived SSTs and field data used in the present study show cooling after the passage of Typhoons Kalmaegi (no field data), Fungwong, Sinlaku, and Jangmi ( Figure 2 , Table 2 ). This cooling phenomenon near the SECS after the passage of a typhoon has been observed frequently (Chang et al., 2008; Tsai et al., 2008; Zhao et al., 2008; Siswanto et al., 2007 Siswanto et al., , 2009 Hung et al., 2010a; Jan et al., 2011, in (Table 2) . However, five to seven days after the Fungwong and Sinlaku typhoon events, the euphotic zones (EZ) became shallower, ranging from 30 to 34 m, respectively (Table 2) , and the depth was only about half that of the mean euphotic zone depth reported by Gong et al. (2000) for this region (60 ± 10 m).
The shallow EZ after a typhoon may be a good indicator of higher phytoplankton biomass induced by nitrate supply.
eNhaNced Biogeochemical reSpoNSeS after t yphooNS
Surface nitrate concentrations in the study area four to seven days after the passage of Typhoons Fungwong, Sinlaku, and Jangmi were 0.3, 0.2-0.3, and 1.9-2.3 μM, respectively (Table 1 ). In comparison, surface nitrate concentrations during summer under pretyphoon conditions were generally below the detection limit (< 0.1 μM; Table 2 ), with pretyphoon derived surface nitrate concentration less than 0.1 μM (Table 1) , whereas the nitrate concentrations five and eight days after typhoon passage (on October 3 and 6, 2008) increased five-to sixfold (Table 2 ). The data collected before and after the typhoon suggest that the strong winds and slow speed of Typhoon Jangmi led to upwelling of cold, nutrient-rich waters (Table 1) . Babin et al. (2004) and Zheng and Tang (2007) and internal tides (Tsai et al., 2008; Siswanto et al., 2009; Hung et al., 2010a) .
Indeed, the strong correlation between integrated POC and nitrate concentration in the study area supports that concept (Figure 4 ). When nitrate supply in the water column reaches a certain threshold, the POC inventory is elevated, " iNteNSiVe field oBSerVatioNS coVeriNg four SeaSoNS, iNcludiNg periodS Before aNd Shortly after the paSSage of typhooNS, are proVidiNg eVideNce that typhooNS iNflueNce NutrieNt Supply, phytoplaNktoN dyNamicS, aNd carBoN export iN a coNtiNeNtal Shelf Break regioN. " demonstrating that nitrate is an important source for phytoplankton growth.
As mentioned earlier, phytoplankton production in the East China Sea is likely limited by nitrogen in summer (Chen et al., 2001) . The data suggest that the nitrate supplied through episodic typhoon events in the SECS contributes to phytoplankton growth, and thus is also important for zooplankton and larval fish. ; Table 1 ). The elevated Chl a concentrations may be related to nutrient supply in the euphotic zone ( Figure 3 and Table 1 ).
Alternately, Babin et al. (2004) propose that the mixing of the subsurface Chl a maximum layer with low-Chl a surface water (e.g., phytoplankton dilution theory) can explain such increased surface phytoplankton biomass.
implicatioNS for poc fluxeS after t yphooN eVeNtS
The biogenic carbon flux to the deep ocean is one of the main factors affecting 
